This study was undertaken to assess the importance of an elevated cardiac output in the generation of the hypertension associated with chronic renal failure. Forty stable uremic patients on a program of maintenance hemodialysis underwent hemodynamic studies. Cardiac index measured by dye dilution was found to be significantly elevated. Calculated peripheral vascular resistance was normal despite elevated blood pressure. Six patients underwent serial hemodynamic studies over a period of 6 to 12 weeks while being transfused with packed red blood cells to a normal hematocrit. Blood volume and body weight were constant during the study period. Cardiac index decreased during transfusion, reaching a normal level at a hematocrit of 30%. Diastolic blood pressure progressively rose, averaging an increase of 20 mm Hg at a hematocrit of 40%. Peripheral vascular resistance increased by 80% at a hematocrit of 40%.
SUMMARY
This study was undertaken to assess the importance of an elevated cardiac output in the generation of the hypertension associated with chronic renal failure. Forty stable uremic patients on a program of maintenance hemodialysis underwent hemodynamic studies. Cardiac index measured by dye dilution was found to be significantly elevated. Calculated peripheral vascular resistance was normal despite elevated blood pressure. Six patients underwent serial hemodynamic studies over a period of 6 to 12 weeks while being transfused with packed red blood cells to a normal hematocrit. Blood volume and body weight were constant during the study period. Cardiac index decreased during transfusion, reaching a normal level at a hematocrit of 30%. Diastolic blood pressure progressively rose, averaging an increase of 20 mm Hg at a hematocrit of 40%. Peripheral vascular resistance increased by 80% at a hematocrit of 40%. We concluded that the elevation of cardiac index in uremic patients is secondary to anemia and is reversible when the hematocrit is raised over 30%. The high cardiac index is not responsible for hypertension because restoration of cardiac index to normal by transfusion raises blood pressure rather than lowers it. Patients were placed at quiet bed rest for onehalf hour prior to the determination of cardiac output and blood pressure. Each study consisted of the determination of three successive cardiac outputs, intra-arterial blood pressure, mean blood pressure, hematocrit, blood volume, and body weight. In 19 of the patients, total exchangeable sodium was also measured. Normal subjects were studied in the same laboratory under identical conditions. Cardiac output was determined by the injection of indocyanine green through the venous side of the A-V shunt used for dialysis, and its withdrawal through a Gilford densitometer from the arterial side of the shunt. This technic has been described by us and validated by others. 22 Hemodynamic studies were performed twice a week prior to hemodialysis and at least 3 days after the patient had received packed red cell transfusions during the previous dialysis. Blood was administered during dialysis as buffy-coat free, packed red blood cells. The hematocrit was increased to at least 40% in each patient. Table 1 presents the results of studies in these 40 patients with the mean values and standard deviations. Cardiac index was found to be significantly elevated (P < 0.001), while stroke index was within the normal range. Despite the fact that mean blood pressure was elevated, the peripheral vascular resistance index was not different from normal. Male and female patients showed a similar hemodynamic pattern. Cardiac index and blood pressure tended to be lower with advancing age, but these changes were not statistically significant. Patients with hypertension differed from those without hypertension only with regard to peripheral vascular resistance index (P < 0.001) and mean and diastolic blood pressures (P<O0.001). (fig.  3) . Under the conditions of increasing hematocrit, as cardiac index decreased, blood pressure rose (fig. 4) . Neither body weight nor blood volume changed significantly during the study.
Results

Group 1
A typical patient study is presented in figure 5 . The patient represented was studied while the hematocrit was increased by transfusion and then allowed to fall to baseline levels over a period of 3 weeks. This study demonstrates that the hemodynamic changes induced by transfusion are reversible. 29, 30 Careful review of these studies, however, reveals that in some patients anemia was not of a comparable degree to that found in our series, while in other patients circulatory overload and heart failure were present and cardiac output increased after dehydration dialysis.
The hemodynamic pattern of normal resistance and increased cardiac output is also reported in young patients with Finally, bilateral nephrectomy has been repeatedly demonstrated to be effective in the control of hypertension in uremic patients. '3' 22, 36-40 Hemodynamic studies in some of our patients were performed prior to bilateral nephrectomy and weeks to months later when conditions had again stabilized after surgery (unpublished data) 22 Cardiac index was unchanged despite relief of hypertension, and the major hemodynamic adjustment was a decrease in peripheral vascular resistance.
In summary, we believe the basic cause of hypertension in chronic renal disease is an inappropriately increased peripheral vascular resistance. The high cardiac output state in uremia is predominantly due to anemia and can be lowered by transfusion. The anemia of chronic renal failure may actually serve to protect patients from the effects of an otherwise devastating hypertension.
